Lysophosphatidic acids (LPA) is a bioactive lipid mediator. Concentrations of the major LPA species in mouse plasma decreased uniformly following administration of a potent selective inhibitor of the LPA-generating lysophospholipase D autotaxin identifying an active mechanism for removal of LPA from the circulation. LPA, Akylglycerol phosphate (AGP), sphingosine 1-phosphate (S1P) and a variety of structural mimetics of these lipids including phosphataseresistant phosphonate analogs of LPA were rapidly eliminated (t½< 30s) from the circulation of mice following intravenous administration of a single bolus dose without significant metabolism in situ in the blood. These lipids accumulated in the liver. Elimination of intravenously administered LPA was blunted by ligation of the hepatic circulation and ~90% of LPA administered through the portal vein was accumulated by the isolated perfused mouse liver at first pass. At early times following intravenous administration, more LPA was associated with a non-parenchymal liver cell fraction than with hepatocytes. Primary cultures of nonparenchymal liver cells rapidly assimilated exogenously provided LPA. Our results identify hepatic uptake as an important determinant of the bioavailability of LPA and bioactive lysophospholipid mimetics and suggest a mechanism to explain changes in circulating LPA levels that have been associated with liver dysfunction in humans.
ABSTRACT
Lysophosphatidic acids (LPA) is a bioactive lipid mediator. Concentrations of the major LPA species in mouse plasma decreased uniformly following administration of a potent selective inhibitor of the LPA-generating lysophospholipase D autotaxin identifying an active mechanism for removal of LPA from the circulation. LPA, Akylglycerol phosphate (AGP), sphingosine 1-phosphate (S1P) and a variety of structural mimetics of these lipids including phosphataseresistant phosphonate analogs of LPA were rapidly eliminated (t½< 30s) from the circulation of mice following intravenous administration of a single bolus dose without significant metabolism in situ in the blood. These lipids accumulated in the liver. Elimination of intravenously administered LPA was blunted by ligation of the hepatic circulation and ~90% of LPA administered through the portal vein was accumulated by the isolated perfused mouse liver at first pass. At early times following intravenous administration, more LPA was associated with a non-parenchymal liver cell fraction than with hepatocytes. Primary cultures of nonparenchymal liver cells rapidly assimilated exogenously provided LPA. Our results identify hepatic uptake as an important determinant of the bioavailability of LPA and bioactive lysophospholipid mimetics and suggest a mechanism to explain changes in circulating LPA levels that have been associated with liver dysfunction in humans.
INTRODUCTION
Lysophosphatidic acid (LPA) denotes a family of radyl hydrocarbon substituted derivatives of glycerol 3-phosphate. Structural diversity in LPA species identified in biological systems encompasses species with both ester and ether linkages (the latter of which are collectively termed alkyl glycerol phosphates-AGPs) as well as differences in hydrocarbon chain length and saturation (1) . LPAs exhibit a broad range of biological activities that are initiated by LPA selective G-protein coupled cell-surface receptors. Some LPA responses may also be mediated by the nuclear peroxisome proliferator gamma receptor and the receptor for advanced glycan endproducts (2) . LPA is present in blood plasma (3) and accumulates in human atheromas and experimentally induced atherosclerotic lesions in mice (4) . Studies using LPA receptordeficient mice and LPA-directed small molecule therapeutics identify roles for LPA signaling in atherothrombosis and vascular injury responses (5) (6) (7) . A common variant in the PPAP2B gene encoding the LPA inactivating cell surface integral membrane enzyme lipid phosphate phosphatase 3 (LPP3) that predicts lower LPP3 mRNA expression in blood cells is strongly associated with increased human cardiovascular disease risk and in mice PPAP2B expression in vascular smooth muscle cells is protective against vascular injury responses (6, 8) . Together, these studies point to an important role for LPA in human cardiovascular disease and focus attention on the need to understand mechanisms regulating bioavailability of this lipid in the vascular cells and tissues.
LPA is present in human and rodent blood plasma at levels that are generally agreed to be excess of 100 nM where it is generated by hydrolysis of circulating lysophospholipids catalyzed by the secreted lysophospholipase D autotaxin (ATX) (9) . Genetic or pharmacological manipulation of ATX expression and activity establish a close correlation between plasma LPA levels and ATX activity (10) . Several highly potent and specific small molecule ATX inhibitors produce rapid and substantial decreases in plasma levels of particular LPA species in rodents (11, 12) . These observations and reports of disappearance of intravenously administered LPA and the related bioactive lipid sphingosine 1-phosphate (S1P) from the circulation of mice and rats following intravenous administration (13, 14) imply that active mechanisms for either in situ degradation in blood or elimination of these lipids from the circulation exist. Definition of these mechanisms would be of obvious importance to our understanding of the role of LPA and S1P in vascular physiology and pathology and the development of bioactive lysophospholipid mimetics as pharmacological modulators of LPA and S1P metabolism and signaling. LPA and S1P are stable in plasma but can be degraded in whole blood through mechanisms that might involve LPP3 and related cell surface lipid phosphatases (13, 14) . While LPA degradation in whole blood ex vivo and elimination of exogenously provided LPA from the circulation of live mice was modestly attenuated in animals with a hypomorphic mutation in another LPP enzyme, LPP1(13), the contribution of enzymatic dephosphorylation or other potential mechanisms for degradation of elimination of LPA from the circulation are not known.
We developed methods using high resolution tandem mass spectrometry to profile and quantitate LPA species in human blood. We used these methods to investigate mechanisms responsible for elimination of LPA from the circulation of live mice. We found that the primary mechanism for elimination of exogenously supplied LPA involves rapid transcellular uptake in the liver and is largely independent of in situ degradation or accumulation in circulating blood cells.
EXPERIMENTAL PROCEDURES
Materials. Lipids were from AvantiPolar Lipids, Alabaster, Al. Evans blue dye and other reagents were from Sigma-Aldrich, St. Louis, MO. The JGW series phosphonate analogs of LPA was from Glenn Prestwich, University of Utah, Salt Lake City, UT. VPC8a202 was from Kevin Lynch, University of Virginia, Charlottesville, VA.
Animals. Mice were purchased from Jackson Laboratories, Bar Harbor, ME. Protocols and procedures conformed to current US PHS policy and were approved by the institutional animal care and use committee at the University of Kentucky.
Intravenous administration of lysophospholipids. Lipids were dried from organic solvents and dispersed by vortexing and sonication at a final concentration of 100µM in 0.1%bovine serum albumin/normal saline containing 5mM Evans blue dye. Wild type male C57/Bl6 6-14 weeks old weighing 20-30 g were anesthetized using isoflurane. A vertical incision was made in the midclavicular line and the underlying adipose tissue was retracted using forceps to expose the jugular vein. 50 µl of the lipid mixture was injected into the jugular vein using an insulin syringe and the timer was set at the end of the injection. Blood was sampled at indicted times using retro-orbital bleeding into K2 EDTA tubes. 50 µl of the collected anticoagulated whole blood was immediately diluted in saline, mixed gently, and centrifuged at 14,000 rpm for 0.5 min in an Eppendorf bench-top centrifuge. The cell pellets and supernatants obtained were added directly to acidified organic solvents in extraction tubes for lipid analysis or retained for measurements of Evans Blue Dye as detailed below.
Isolated perfused liver preparation. Single-pass rat liver perfusion was performed as previously described (15) . Mice were anesthetized with urethane (1g/kg ip). The liver was perfused at a flow rate of 3 ml/min via the portal vein with Krebs-Henseleit buffer (118.5 mM NaCl, 24.9 mM NaHCO3, 1.2 mM KH2PO4, 1.19 mM MgSO4, 4.74 mM KCl, 1.27 mMCaCl2, and 5 mM glucose, pH 7.4). The perfusate was oxygenated with 95% O2-5% CO2, and the liver was maintained at 36 ± 1°C. A 50 µl bolus of C17-LPA/Evans blue dye/0.1%BSA prepared as above was injected in the inflow catheter and the outflow collected every 30 seconds for up to 5 minutes. Input and perfusate samples were collected for quantitation of C17 LPA as described below.
Liver digestion and cell isolation with antibody-coated beads. Anesthetized mice were injected with a bolus of lysophospholipids/0.1%FFA BSA or saline in the jugular vein. A 2-step collagenase digestion was performed as described previously (16) . Briefly, the liver was first PBS and processed for lipid extractions as described below. The purity of these cell preparations was estimated to be greater than 90% in line with previous reports (16) .
Lipid extraction. Lipids were extracted from 50-100 µl of sample (plasma or tissue homogenate) which was added to a 5x100 borosilicate tube containing 2 ml methanol, 1 ml chloroform, 0.45 ml 0.1M HCl. Tubes were vortexed for 5 minutes. 1 ml chloroform and 1.3 ml of 0.1M HCl were added and tubes were vortexed again for 5 min at 2500 rpm. After centrifugation the organic phase was transferred to a 4ml glass vial and evaporated under N2.
Samples were resuspended in 100ul methanol, vortexed, and stored in autosamplers at -20°C for HPLC/ESI/MS/MS analysis.
Evans blue dye quantitation. Evans blue dye was quantitated using absorbance spectrophotometry at 620nm. Plasma samples were diluted with normal saline and transferred to micro-cuvettes.
HPLC/ESI/MS/MS analysis.
Lipids were quantitated by methods reported previously using HPLC electrospray ionization selected ion monitoring mode tandem mass spectrometry assays performed on AB Sciex 4000 Q-Trap instruments. In brief, instrument settings for each analyte were optimized by direct infusion and tuning, HPLC methods were identical to or adapted from our prior reports (11, (18) (19) (20) (21) . The instrument was operated in selected ion monitoring mode to measure the following lipid specific precursor and product ion pairs: C17 MAG(ammonium adduct): 345.6/327. In each case, structurally related lipids were included during the sample extraction to monitor recovery. After peak identification and integration, the lipids of interest and recovery standards were quantitated by reference to calibration curves generated by adding a range of concentrations of the lipids of interest to an appropriate matrix (plasma or tissue lipids). The lipid standards used for these calibrations were independently quantitated by phosphorous determination or accurate mass measurements. Absolute levels of the analytes in the starting sample were then determined using these calibrations with correction for the recovery standard. PF8380 was also quantitated by HPLC ESI MS/MS again using an offline calibration and measuring the following precursor product ion pairs: PF8380:
478.1/300.9; 478.1/159.0; 478.1/123.0; 478.1/89.0; 478.1/124.1. We also developed a high resolution mass spectrometry method to search for LPA and AGP species in biological samples.
The chromatography method used to separate LPA and AGP species for these measurements has been reported previously (22) . Data were collected using an AB Sciex 5600 Q-TOF mass spectrometer. Lipid species identified from full scan MS data were selected for fragmentation in a second run to generate product ion spectra. Again, quantitative data were obtained from these assays by using internal recovery standards and off line calibration curves generated using independently quantitated standards. and chicken eggs(24) but their levels in human or mouse plasma have not been reported. To attempt to measure AGPs in mouse plasma and investigate their potential sensitivity to ATX inhibition we developed a method using HPLC to separate LPA species with ether and ester chains which were identified by high resolution mass spectrometry using a quadrupole time of flight mass spectrometer. LPA molecular species were identified from the monoisotopic mass of their molecular anion and alky versus ester LPAs were further discriminated using their distinct product ion spectra-LPAs generate the glycerol phosphate derived product ion m/z 153 while this is absent from the product ion spectra of AGPs which only form phosphate derived ions of m/z 79 and 97 (Fig 1 A, B, C) . Secondary confirmation and quantitation of lipid species were accomplished as described in the methods. We validated our approach using a sample of human ovarian cancer ascites fluid which contained 11 distinct AGP species (LPA16:2e, LPA18:2e, LPA16:0e, LPA20:1e LPA18:0e, LPA20:2e, LPA24:2e, LPA12:3e, LPA18:3e, LPA16:1e, LPA10:4e) at individual concentrations in the range of 0.1-10 µM). However, while as reported by many others, LPA species were abundant in plasma from C57Bl6 mice on a normal chow diet, we were, unable to detect any AGP species at levels above the detection limit of our assay (~10 nM). Mice were given a single intravenous dose of 30mg/kg PF8380 which is a nM potency ATX inhibitor previously shown to reduce 18:1 LPA levels in rat plasma following oral administration (12) . PF8380 induced a statistically significant decrease in most of the major LPA species 10 minutes after administration indicating that plasma levels of these lipids decline at comparable rates when their synthesis by ATX is blocked (Fig 1 D, E) . The concentration of PF8380 in plasma samples from PF8380 treated animals was strongly correlated (R 2 0.78 by linear regression) with the decrease in total plasma LPA suggesting that variability in PF8380 dosing rather than inter individual variability in response to PF8380 accounted for the variance in decreases in plasma LPA levels observed after PF8380 administration. Inclusion of PF8380
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concentrations in the range observed in plasma after dosing to freshly collected mouse plasma before lipid extraction using our standard protocol did not produce significant decreases in plasma LPA levels indicating that ATX inhibition ex vivo or effects of PF8380 on LPA recovery from these samples did not account for our observations of decreases in plasma LPA following
PF8380 dosing in vivo (not shown).
LPA is rapidly eliminated from the circulation of live mice without significant enzymatic degradation in situ. Prior reports of the elimination of radiolabeled LPA and S1P from the plasma of live mice following intravenous infusion of a single bolus dose estimated the half-lives of these lipids to be 2-3 and ~15 minutes respectively (13, 14) . Precise determination of these rates is confounded by difficulties inherent in dosing and rapidly sampling accurate volumes. To address this limitation, we infused mice with a single bolus dose of the unnatural LPA species C17 LPA in combination with Evans blue dye, a plasma volume marker that binds with high affinity to serum albumin and can be readily quantitated in plasma samples using spectrophotometry(25) allowing for simple normalization of plasma LPA measurements for variations in sampling volume or post collection dilution. Following intravenous administration, as expected, Evans blue dye was persistent in plasma (not shown) while C17-LPA measured by HPLC MS/MS was detectable at the earliest time point but subsequently disappeared extremely rapidly (Fig 2A) Using the ratio of C17 LPA to Evans blue dye in the administered sample to calculate the quantity of LPA administered intravenously to each animal we found that the fraction of administered LPA remaining in plasma declined extremely rapidly to the extent that only 10-20% of the administered LPA was remaining at the earliest time point measured. This rapid decrease in plasma LPA levels occurred without significant accumulation of C17-LPA in blood cells (not shown). C17 LPA could be degraded by phosphatases to form C17-monoacylglycerol (MAG) or A-type phospholipases (which would release a C17-fatty acid). We were unable to detect either of these metabolites in mouse plasma or whole blood following intravenous administration of C17-LPA (not shown). These results were surprising because LPA has been reported to be degraded in whole blood through mechanisms that primarily involve enzymatic dephosphorylation and indeed we have reported that human platelets and leukocytes both express LPPs and display phosphatase activity against exogenous LPA (6, 26) .
We therefore measured the rate of degradation of LPA in whole mouse blood or plasma ex vivo.
C17 LPA levels declined in these incubations with significant accumulation of C17 monoacylglycerol (MAG) suggesting that a major mechanism involved enzymatic dephosphorylation ( Fig 2B) . By contrast, C17 LPA was much more stable in plasma (Fig 2C) .
Although the rapidity of the process precluded a more detailed examination, elimination of an intravenously administered 5 nmol bolus of LPA from the circulation and degradation of a starting concentration of 1 µM of LPA in whole blood ex vivo exhibited pseudo first order kinetics so we estimated first order rate constants to compare the rate of elimination of LPA from the plasma in live mice to the rates of LPA degradation observed in whole blood ex vivo. The first order rate of elimination of intravenously administered LPA was ~2.5 fold faster than the rate of degradation of LPA in whole blood ex vivo (Fig 2C) . Taken together, these results show that while (in keeping with previous observations) LPA can be degraded in whole blood through mechanisms that primarily involve dephosphorylation, consistent with our inability to detect C17-LPA dephosphorylation products in blood in vivo following intravenous administration of C17-LPA, the rate of degradation of LPA in blood is too slow to account for the rate of elimination of intravenously administered LPA from the plasma.
To further investigate the possible role of enzymatic degradation in the elimination of intravenously administered LPA from the plasma we compared the rate of elimination of intravenously administered C17 LPA to that of two phosphonate-containing LPA analogs, JGW-9 and JGW-10 that are resistant to enzymatic dephosphorylation (27, 28) (Fig 3A) . The rate of elimination of these phosphatase-resistant LPA analogs was comparable to that of C17-LPA.
We also found that intravenously administered 16:0 AGP (which would not be a substrate for Atype phospholipases that could putatively be involved in LPA degradation) was rapidly eliminated from the circulation. To further extend our observations, we also found that the rate of elimination of C17 S1P following intravenous administration was very similar to that of C17- (Table 1) . Taken together, our findings indicate that the rate of elimination of intravenously administered LPA and S1P and related lysophospholipids from the circulation of live mice is at least 10-fold faster than previously reported and involves mechanisms that are independent of in situ enzymatic degradation.
Intravenously administered LPA is rapidly accumulated by the liver. To identify the tissue responsible for accumulation of intravenously administered lysophospholipids we determined the tissue distribution of C-17 LPA in mice 15 minutes following a single bolus dose intravenous administration. We found that >80% of tissue-associated C17-LPA and accumulated in the liver ( Figure 4A ). We made similar observations for a number of other LPA analogs ( Table 2) . Consistent with this finding, we observed that ligation of the dual hepatic blood supply significantly attenuated the rate of removal of intravenously administered LPA from the circulation. Accumulation of LPA in the liver was only detected in the sham but not the ligated animals indicating that the effect of ligation on the rate of elimination of intravenously administered C17-LPA was likely a direct result of impaired hepatic accumulation of the lipid.
We were concerned that our observations might be secondary to the circulatory collapse induced by this intervention and the vascular congestion proximal to the ligation site. To address these issues we examined hepatic extraction of C17-LPA using a single pass perfusion liver perfusion assay. In these experiments, the liver extracted 85-90% of a single bolus dose of LPA at first pass and this rapid rate of elimination was maintained over a 100-fold LPA concentration range ( Figure 5A ). In these experiments, particularly at higher C17 LPA inflow concentrations we observed time-dependent increases in liver associated C17-MAG and incorporation of the C17 fatty acid into other classes of phospholipids indicating that liver associated C17 LPA can be dephosphorylated and further metabolized(not shown). Although we found that mouse bile contains an LPA species profile comparable to that of mouse plasma, less than 1% of the input C17-LPA was recovered in bile in this liver perfusion assay (not shown).
Uptake and metabolism of LPA by isolated liver cells. To identify which liver cells are
primarily responsible for rapid uptake of LPA from the plasma we examined the distribution of intravenously administered C17 LPA and its metabolites in liver cell populations isolated after rapid collagenase digestion, separation of hepatocytes using differential centrifugation and immunoaffinity isolation to separate populations of PECAM expressing (sinusoidal endothelial cells) from other non-parenchymal cells (Kupffer and stellate cells). We found that C17 LPA was primarily associated with the non-hepatocyte cells, most notably the PECAM positive endothelial cell fraction ( Figure 5B and not shown). We directly evaluated the ability of these primary liver cell preparations to accumulate exogenously added C17 LPA in culture. Again we observed that C17 LPA was more efficiently accumulated by isolated non-parenchymal cells than by isolated primary hepatocytes ( Figure 5B ). In separate experiments we found that cultured primary human liver sinusoidal endothelial cells and primary human umbilical vein endothelial cells exhibited markedly more pronounced assimilation of exogenously provided C17
LPA than cultured HEP2G heptatoma cells (not shown). These results suggest that nonparenchymal cells, most likely the endothelial cells lining sinusoidal blood vessels mediate rapid accumulation of circulating lysophospholipids by the liver.
DISCUSSION
Our data extend observations reported by ourselves and others (11, 12) to show that levels of all of the major rodent plasma LPA species decline following pharmacological inhibition of the LPA synthesizing enzyme ATX. As part of this study, we developed a high resolution mass spectrometry method for profiling and quantitation of LPA and AGP species. Because alternative pathways for AGP production have been proposed (22) we hoped to use this method to determine if plasma AGP levels were decreased following ATX inhibition. While this method detected previously reported abundant LPA species in plasma from mice on a normal diet surprisingly levels of AGPs were below the detection limit of our assay and these lipids were also not detected when mouse plasma was incubated ex vivo under conditions where levels of LPA were substantially increased (not shown). As noted, our method could detect multiple AGP species in human ovarian cancer ascites fluid which is consistent with prior reports(31) and we have observed measurable levels of AGPs in plasma samples from some human subjects and also mice with genetic or diet induced hyperlipidemia (not shown). Further work will be needed to determine if AGP levels are sensitive to ATX inhibition.
Plasma levels of all major LPA species decline when ATX is inhibited. To investigate the mechanisms involved in removal of LPA from the circulation we devised surgical and mass spectrometry-based methods to monitor the elimination and tissue distribution of intravenously administered LPA in mice. We found that the rate of elimination of LPA from mouse plasma was significantly more rapid than previously reported by other workers (13, 14) which we suspect relates to our ability to precisely determine the administered LPA dose by using the plasma volume marker Evans blue dye. Although LPA can be degraded in whole blood ex vivo, our results indicate that enzymatic dephosphorylation is not directly involved in these rapid decreases in plasma LPA levels following either ATX inhibition or intravenous LPA administration. This result is consistent with our observation that inactivation of a major vascular cell LPP, LPP3 in vascular smooth muscle cells or vascular endothelial cells does not increase plasma LPA levels or the rate of elimination of intravenously administered LPA (6) and unpublished observations,. The relationship between our findings and the moderate changes in plasma LPA levels and plasma LPA elimination reported in LPP1 hypomorphic mice(13) which was ascribed to reduced enzymatic degradation of plasma LPA remain to be established.
Our results indicate that intravenously administered LPA is actively accumulated in the liver. Studies using an isolated liver perfusion system indicate that ~90% of LPA accumulates in the liver during the first pass. The majority of liver-associated LPA, at least at early times following intravenous administration, is found in association with "non-parenchymal" cells of the liver which include sinusoidal epithelial cells, Kupffer cells and stellate cells. In preliminary experiments we found that the majority of C17 LPA in this fraction was associated with cells that could be further isolated by immunoaffinity absorption using CD31 (PECAM) selective antibodies suggesting a role for sinusoidal endothelial cells in rapid LPA uptake by the liver.
These observations were substantiated by our finding that this non parenchymal cell fraction was much more effective at assimilating C17 LPA when cultured in vitro than isolated hepatocytes and that cultured lines of human vascular endothelial and liver sinusoidal epithelial cells can also assimilate C17 LPA when exposed to this lipid in culture (not shown). Association with and metabolism of extracellular LPA by cells in culture has been reported previously(32) and proposed to be important in transcellular mechanisms of LPA signaling involving activation of the nuclear peroxisome proliferator gamma receptor (33) . A mechanism for S1P accumulation by erythrocytes exists(34) but the relationship of this to the better understood process of cellular S1P export is not known (35) . In our hands, LPA accumulation by cultured cells was unaffected by manipulations of several candidate genes that might impact on this process which included LPPs, SPNS2 which functions as a facilitated transporter for S1P and members of the organic anion transporter family (not shown). Further work will be needed to identify the mechanism(s) responsible.
While it is possible that the rate of elimination of intravenously administered LPA does not reflect the behavior of the bulk of LPA in plasma our observations raise the possibility that at least a fraction of plasma LPA is rapidly being accumulated and metabolized in the liver. This may simply reflect a mechanism for scavenging albumin-bound lysophospholipids from the plasma for re-entry into hepatic pathways of lipid metabolism or it could impact on systemic or localized LPA signaling. Our results also suggest an explanation for observations linking LPA to pathologies associated with liver dysfunction. A role for the liver in elimination and metabolism of circulating LPA is supported by observations that plasma LPA levels are increased in patients with chronic hepatitis C and correlated strongly with the severity of liver dysfunction and fibrosis (36, 37) . LPA also plays a causative role in cholestatic pruritis characteristic of liver diseases that include biliary cirrhosis, primary sclerosing cholangitis, and intrahepatic cholestasis of pregnancy in which post-hepatic biliary elimination is impaired (38) .
While in one case these pathologies may be linked to increases in circulating ATX levels (38) it is plausible that impairment of the role of the liver in elimination of circulating LPA could also contribute to increases in plasma LPA levels.
Finally our study raises the possibility that elimination from the plasma leading to accumulation and metabolism in the liver needs to be considered as important mechanism that limits the bioavailability of LPA and S1P. These processes could therefore be an important determinant of the pharmacological efficacy of structural mimetics of these lipids being developed as therapeutics. For example, phosphonate and thiophosphate analogs of LPA that are comparable to the JGW-9 and -10 compounds studied here have potent LPA receptor selective agonist and antagonist actions in vitro but our studies indicate their efficacy in vivo would likely be limited by rapid elimination from the circulation (39) . Enzymatic dephosphorylation appears to be a major fate of lipids that accumulate in the liver which would terminate their receptor-directed signaling actions. On the other hand, in the case of S1P mimetic pro drugs, for example FTY720, that can be interconverted between their alcohol and phosphorylated forms by sphingosine kinase mediated phosphorylation, plasma elimination and metabolism in cells and tissues might enable their therapeutic actions by increasing conversion to the active phosphorylated form. Targeting, circumventing or exploiting the process we described in this paper to produce more effective bioactive lysophospholipid mimetic therapeutics will require identification of the molecular mechanisms responsible for transcellular accumulation of these lipids. 
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